Experience-dependent plasticity in the mature visual system is considered exclusively cortical. Using chronic two-photon Ca 2+ imaging, we found evidence against this tenet: dLGN cells showed robust ocular dominance shifts after monocular deprivation. Most, but not all responses of dLGN cell boutons in binocular visual cortex were monocular during baseline. Following deprivation, however, deprived-eye dominated boutons became responsive to the non-deprived eye. Thus, plasticity of dLGN neurons contributes to cortical ocular dominance shifts. axonal boutons in layer 1 (L1) of binocular V1 for up to 4 weeks before and after MD ( Fig. 1a-d Recent electrophysiological studies have reported a large fraction of binocular neurons in rodent dLGN 12,13 . 20 It is, however, difficult to rule out that this could have been the result of imperfect single unit isolation.
The change in ocular dominance (OD) after monocular deprivation (MD) is one of the most prominent 1 models of experience-dependent plasticity in the neocortex. Whereas MD is known to evoke an OD shift in 2 the binocular part of primary visual cortex (V1) [1] [2] [3] [4] , robust OD changes in the dorsolateral geniculate nucleus 3 (dLGN) of the thalamus have not been reported so far 2,5 . This and similar findings led to the prevailing view 4 that after an early developmental phase of subcortical activity-dependent changes 6 , plasticity in the visual 5 system is exclusively cortical in the mature brain 7, 8 . However, none of the recordings in dLGN to date have 6 been performed chronically with single-cell resolution. Hence, changes in the eye-specific responsiveness 7 of individual thalamic relay cells (TRCs) could have easily been missed. Furthermore, in contrast to the clas-8 sical view of strict eye-specific segregation in dLGN 9-11 , some recent studies have reported that a substantial 9 fraction of rodent TRCs is binocular 12, 13 , which could provide a substrate for competitive TRC plasticity. This 10 led us to re-address the questions of thalamic binocularity and experience-dependent OD plasticity, using 11 chronic two-photon Ca 2+ imaging of TRCs projecting to binocular V1.
13
We conditionally expressed the genetically encoded Ca 2+ indicator GCaMP6m 14 in the dLGN of Scnn1a-Tg3-
14
Cre mice 15 using adeno-associated virus [16] [17] [18] [19] and followed the visually evoked Ca 2+ signals of individual TRC 15 axonal boutons in layer 1 (L1) of binocular V1 for up to 4 weeks before and after MD ( Fig. 1a-d Recent electrophysiological studies have reported a large fraction of binocular neurons in rodent dLGN 12, 13 .
20
It is, however, difficult to rule out that this could have been the result of imperfect single unit isolation.
21
Two-photon Ca 2+ imaging circumvented this problem by allowing us to measure the OD of single boutons 22 along dLGN afferents in V1 ( Fig. 1c-e) . We indeed observed unambiguous responses to both eyes in a subset 23 of boutons (Fig. 1d) . However, the binocularly responsive fraction (dLGN: 14%, Fig. 1e ) was considerably 24 smaller than that reported in recent electrophysiological experiments 13 . When comparing the OD of dLGN 25 afferents with that of excitatory L2/3 cells in binocular V1, we found that, as expected, cortical neurons 26 were significantly more binocular than dLGN afferents (cortex: 42%, We compared the stimulus selectivity of binocular TRCs to their monocular counterparts and to excitatory 32 L2/3 cells in V1. We found, as expected [18] [19] [20] [21] , that TRCs were far less orientation-and direction-selective 33 than cortical neurons ( Fig. 1f ,g; gOSI: P < 10 -193 ; gDSI: P < 10 -120 ). Similar to cortex, ipsilateral TRC boutons 34 tended to be slightly less sharply tuned than contralateral boutons (Fig. 1f,g ). However, the stimulus selec- 35 tivity of binocular and monocular TRC boutons did not differ in any of the parameters we tested ( Fig. 1f, Fig. 4 ) OD shift. Whereas most TRC boutons were monocular 7 during baseline, many acquired binocularity during MD (Fig. 2c) . More than half of the responsive boutons 8 changed their ocular dominance index (ODI) significantly (>1 standard deviation of pre-MD baseline fluctu-9 ations, Fig. 2d ). In fact, the fraction of plastic boutons, the population shift magnitude, and the decrease in 10 the fraction of responsive boutons after MD (Fig. 2e) were comparable to the effects of MD in excitatory 11 L2/3 neurons in V1 4 ( Supplementary Fig. 5a ).
13
On the population level, the OD shift resulted from a net increase in ipsilateral-eye and a decrease in con-14 tralateral-eye responsiveness (Supplementary Fig. 4e ). On the level of individual geniculate afferents, bou-15 tons that were exclusively responsive to the contralateral eye during baseline showed the most prominent 16 decrease in contralateral-eye evoked activity (Fig. 2f,g ). This form of deprived-eye depression is similar to 17 our previous observation in excitatory L2/3 cells in V1 4 ( Supplementary Fig. 5b,c) . However, very different 18 from cortex, initially monocular contralateral boutons also showed the most prominent increase in ipsilat- Fig. 5b,c) .
We found that many TRC boutons, even if they appeared monocular during baseline, received robust input 22 from both eyes after MD (Fig. 2c) Fig. 5b ,c) could therefore, in principle, propagate to the dLGN and contrib-26 ute to a decrease in thalamic responsiveness to the deprived eye that mirrors the cell-specific changes in 27 L2/3 (Fig. 2f,g ). We consider this less probable, however, because convergent modulatory cortical and sub-28 cortical feedback would at the same time have to elicit highly target-specific changes in non-deprived-eye 29 responsiveness in order to lead to the specific strengthening of ipsilateral responses of initially contralater-30 ally dominated TRCs (Fig. 2f,g ). This is even more unlikely given the very different cortical changes in non-31 deprived-eye response strength. Here, all excitatory L2/3 cells, except initially monocular contralateral cells, 32 increase their ipsilateral eye responsiveness after MD 4 ( Supplementary Fig. 5b,c) 
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Here and in the following figures, *P <0.05, **P < 0.01, ***P < 0.001. and a total volume of 50 to 100 nl of AAV2/1-hSYN-FLEX-GCaMP6m (1.9 x 10 13 genome copies (GC) per ml) 15 was injected at a depth of 2.85 mm and at a rate of 3-5 nl/s using an automated microinjector. Fig. 2c ) -but more than two-fold smaller than that reported for projections from LP 2,5 . -500 μm at 1-3 sites using glass pipettes and a pressure micro-injection system.
In all experiments, a cover slip (4 mm) was placed over the craniotomy and sealed with cyanoacrylate glue, 1 and a custom-made aluminium head-plate was fixed to the skull with dental cement. Fig. 1b) . The average power for 10 imaging was less than 50 mW (below the objective). For each recording session, the imaging position was 11 realigned in x,y,z relative to the initial recording session. ScanImage 4.2 10 and custom written hardware 12 drivers were used for data acquisition. In each trial, a blank gray screen (50% contrast) was presented for 5 s 6 followed by 7 s of visual stimuli (8 directions, direction changed every 0.6 s). Trials were separated by 8s 7 and the whole stimulus sequence was repeated at least 10 times per eye and patch position. optical sectioning of a respective bouton for each recording (Supplementary Fig. 1b) . bouton changes in ODI, only boutons that were responsive throughout baseline and after MD (Fig. 2c) , and,
13
if applicable, during recovery ( Supplementary Fig. 4f-h) were considered. For the quantification of changes 14 in eye-specific response amplitude relative to the mean baseline ODI the 3 baseline sessions had to be 15 responsive ( Fig. 2f,g; Supplementary Fig. 5c,d) . Pixel-based color-coded ODI maps were similarly generated The Contra/ipsi ratio was calculated as the ratio of the mean fluorescence response to ipsilateral or 21 contralateral eye stimulation, respectively, over all responsive boutons or layer 2/3 cell bodies of one 22 animal ( Supplementary Fig. 3e,f) . 
